6 unchanged no matter how large the diuretic response within these limits (1-43 p1/min). Thus, in this respect the 'state D' is distinctly different from the 'state C', which occurred spontaneously.
In those experiments, in which urine flow and salt excretion increased markedly following the Rmger infusion, OT/TT ratio also increased indicating a drop in the proximal fractional reabsorption. The clearance of inulin tended to increase following these expansions, but I have not yet enough data to indicate whether or not the absolute proximal reabsorption rate had changed in this functional state; in other words, there is no significant evidence to indicate whether or not the proximal control system was affected by these moderate saline loadings.
The finding of an increased filtration pressure and filtration rate, urine flow and salt excretion with concomitant decrease in proximal fractional reabsorption in the absence of changes in intratubular pressures indicates clearly that the resistance to fluid flow must be markedly decreased in the loops of Henle as well as in the collecting ducts. Furthermore, since urine flow changed much less than the increase in fluid volume flowing out of the proximal tubule, these data also indicate an increased rate of water reabsorption in the nephron segments distal to the proximal convolutions.
In conclusion, the most significant and marked change resulting from a moderate isosmotic extracellular volume expansion seems to be a change in flow resistance and reabsorption rate in the distal nephron segments, including the loop of Henle, and the collecting ducts. It is remarkable that the low resistance to fluid flowmost likely an increased luminal diameter in these structuresis maintained without any elevation in luminal pressures. These findings therefore suggest the existence of another, yet undefined, intrarenal regulatory system, and because of the effect on the loop and collecting ducts, it is probably located in the renal medulla. This 'third control system', distinct from the countercurrent system, although the two might well be interdependent, may be of great or even dominant significance in the renal response to volume expansions.
This implication from the physiological observations is well supported by the fact that the structural basis of such a control system actually exists in the medulla. The interstitial cells of the renal medulla, hitherto largely unrecognized by renal physiologists, have been investigated; the granules of these cells were found to be composed of saturated as well as unsaturated lipids (Nissen 1967) .
The most fascinating obseirvation is, however, that the number and size of these lipid granules depend on the state of hydration of the animal (Nissen 1968) . After a few days of salt depletion the number and size of the granules were small, but within only 30 minutes after repletion with isotonic saline given I.V. to such depleted rats the number and size of these granules were markedly increased.
The chemical composition of these lipids is under investigation. The compositiQn seems rather specific, being different from that of, for example, plasma lipids and fat cells, indicating a 'de novo' synthesis of lipid by these cells, as has also been supported by other lines of evidence (Bojesen, personal communication).
Thus, the interstitial cells of the renal medulla constitute a special lipid-synthesizing organ (or system) of considerable capacity, localized in a most suitable region for a control system serving the regulation of the distal nephron segments.
Professor I H Mills and Dr E de Bono (Department of Investigative Medicine, Cambridge)
Cardiovascular Reflexes and the Intrarenal
Regulation of Sodim Excretion
It is well known that large falls in glomerular filtration rate (GFR) lead to a decrease in sodium excretion. In the past, variations in GFR were considered of dominant importance in the regulation of urinary sodium until it was shown by de Wardener et al. (1961) that a sodiuna diuresis was produced in dogs by saline infusion when a balloon in the thoracic aorta was inflated so as to reduce the GFR during the saline infusion.
Several workers have repeated these observations, using constriction of the aorta above the renal arteries to reduce the GFR (Levinsky. & Lalone Section ofExperimental Medicine and Therapeutics 1117 1963 , Blythe & Welt 1963 , Rector et al. 1964 . It was concluded as a result of the experiments of de Wardener et al. (1961) and Mills et al. (1961) that the sodium diuresis of saline infusion in dogs loaded with sodium-retaining hormone was due to a change in the concentration of a circulating substance. The diuresis could not be prevented by vagotomy, constriction of the brachiocephalic artery, division of the first four thoracic sympathetic rami or denervation of the heart. However, rapid saline infusion does usually raise the blood pressure but this returns to normal in thirty minutes unless the vagus and aortic depressor nerves are cut and the brachiocephalic artery is constricted (Mills 1964) .
Vasodilatation 'Expansion' of the blood volume without changing its constitution causes an increase in sodium excretion (Bahlmann et al. 1967) . If the blood of such an animal is cross-circulated through the kidneys of a second dog, the renal plasma flow of the perfused kidneys increases and there is an increase in sodium excretion (Pearce 1967) . Although nervous control of the renal vasculature is known to affect sodium excretion (Gill et al. 1964 , Gill et al. 1967 experiments such as those of Pearce (1967) suggest that humoral agents acting as dilators of the renal vasculature increase sodium excretion. This has been shown for bradykinin (Barraclough & Mills 1965) , kallidin (Webster & Gilmore 1964) and acetylcholine (Vander 1964) . Dopamine which is a renal vasodilator (McNay et al. 1963) also causes a sodium diuresis when given intravenously ).
The mechanism by which renal vasodilatation increases sodium excretion may be indicated by the studies with the perfused isolated kidney. Increasing the perfusion pressure without altering the GFR produces a sodium diuresis (Craig et al. 1966) . It was also shown by Selkurt (1951) that increased perfusion pressure to the kidney raised sodium output. The isolated kidney increases its sodium output without change in GFR when the perfusing blood is diluted with electrolyte solutions (Craig et al. 1966 , Nizet 1967 , Berkowitz et al. 1967 ). If, however, iso-oncotic dextran is added to the perfusing blood there is very little increase in sodium excretion (Nizet 1968 ). This correlates with the poor rise in sodium excretion produced by infusion of 6% dextran into intact dogs (Mills et al. 1961 ).
Dilution of blood by electrolyte solutions decreases the viscosity whereas dilution with 6 % dextran has much less effect.
Intermittent Renal Vein Occlusion
Increasing perfusion pressure under conditions in which the arterial tree is denervated and there is no source of renal vasodilators must increase the pressure throughout the arterial vasculature down to the glomerular vessels. An increase in pressure in the renal vasculature has also been brought about by intermittent renal vein occlusion (de Bono & Mills 1965) . During five seconds of occlusion in each minute the renal vein pressure reaches the arterial diastolic pressure. This technique causes a fall in the GFR which is sometimes as much as 75% but it produces a sharp rise in sodium excretion, mainly by an increase in sodium concentration in the urine. If raising the pressure in the kidney from either the arterial or venous end of the vasculature is effective in causing an increased sodium excretion, the pressure-sensitive region must be downstream from the afferent arteriole. That the pressure-sensing mechanism is responding to transmural pressure gradients is suggested by the work of de Bono (1968). By fixing a figure-of-eight band of thin latex around one kidney and then infusing saline rapidly he was able to show that the banded kidney had only a small diuresis (216 pEq/min) compared to the normal one (1,181 pEq/min). With intravenous frusemide the banded kidney excreted 1,166 pEq/min and the contralateral one 2,822 pEq/min. The banded kidney responded well to the diuretic although it responded only poorly to the combined stimulus of pressure and dilution brought about by the saline infusion.
Vascular Reflexes
The factors governing the tone on the renal vasculature are not completely known. It is obvious, however, that nervous control via the sympathetic system plays an important role in sodium excretion (Gilmore 1964 , Gill et al. 1967 . Elevation of the blood pressure is caused by constriction of the common carotid arteries. In the cat complete ligation leads to a sodium diuresis (Cort & Lichardus 1963) . In the dog graded constrictions of the carotid arteries have been studied. With small decreases in pulse pressure there is sodium retention but when the pulse pressure is reduced by more than 40% there is a sodium diuresis in the majority of animals (Mills 1968 ). Carotid constriction produces an increased sympathetic discharge both to the peripheral vessels and to the heart. While the former effect would increase the attenuation of the renal artery pressure by the afferent arterioles, the latter would raise the renal artery pressure without affecting renal arteriolar tone directly. The rise in blood pressure produced by carotid artery occlusion is logarithmic in relation to the fall in pulse pressure. These results on sodium excretion could be explained if with small falls in carotid pulse pressure the sympathetic drive was predominantly increasing arteriolar tone, whereas with greater falls in carotid pulse pressure the 8 sympathetic drive raised cardiac output. A rise in cardiac output may increase blood pressure and overcome the attenuation produced by the rise in peripheral resistance. The net effect would be a rise in pressure in the region of the juxtaglomerular cells at the distal end of the afferent arteriole (see de Bono & Mills 1965) .
When the blood pressure is raised by elevation of cerebrospinal fluid pressure (CSF) the progressive effect on the kidney is the reverse of that seen in carotid occlusion. Very small rises in CSF pressure may actually cause a sodium diuresis but any rise in blood pressure in excess of 10o% causes a progressive fall in sodium output. With the highest rises in blood pressure the peripheral vasoconstriction is so intense that there is a profound fall in GFR adding to the sodium retention (James 1968 ). James also showed that denervation of one renal artery prevented the fall in sodium excretion when the blood pressure was raised by elevating CSF pressure. In this circumstance the rise in peripheral resistance is obviously the dominant factor in the elevation of blood pressure and thereby decreases the pressure in the vessels at the pressure-sensitive site in the kidney.
Profound changes in blood pressure are produced by stretching the right atrium after bilateral carotid ligation in the dog. The blood pressure may fall by 50 mmHg; this is prevented if the vagi are first sectioned. Despite the fall in blood pressure there is very little chapge in GFR, renal plasma flow or sodium output (Mills & Osbaldiston 1968 ). This is one of the few circumstances where such a fall in perfusion pressure can be brought about without causing sodium retention. Presumably the fall in pressure must be by vasodilatation so that the glomerular pressure and the pressure operating at the site affecting sodium excretion must be unchanged despite the fall in blood pressure.
Summary
Sodium diuresis by the kidney appears to be related to:
(1) Expansion of the blood volume.
(2) Release of a renal vasodilator of humoral origin as well as release of nervous tone.
(3) The relationship between the blood pressure and the tone on the renal afferent arteriole.
(4) Dilution of the blood by electrolyte solutions which decrease blood viscosity. flow the pressure-sensitive mechanism in the kidney operates to alter sodium excretion is unknown but since saline infusion decreases the capacity of the proximal tubule to reabsorb sodium Our present understanding of the intrarenal mechanisms which adjust sodium excretion to sodium uptake or saline infusion is based on experimental results obtained primarily with two techniques: clearance and micropuncture studies.
The interpretation of both data assumes that all nephrons in the kidney function homogeneously. For example, if inulin clearance or the total kidney filtration rate remains constant but sodium excretion increases, it is generally assumed that this effect must be due to a decreased tubular reabsorption of sodium. On the other hand, the interpretation of micropuncture data is based on the assumption that the characteristics observed in the punctured nephron, mostly located at the surface of the kidney, are quantitatively representative of the whole nephron population.
